A new dinuclear complex, [Ni 2 (H 2 O)L 4 ]·5H 2 O, consisting of chelating bidentate and bridging tridentate coordinated 2-[(4-methylphenylimino)methyl]-6-methoxyphenol (HL) Schiff base ligands and water molecules has been synthesized using a traditional method. The structure of this complex was characterized by FTIR and UV/Vis spectroscopy and thermogravimetric analyses (TG-DTG) and further confirmed by singlecrystal X-ray diffraction. Its crystal structure is of monoclinic system, space group P21/c with a = 13.2837(5) Å, b = 27.3886(10) Å, c = 17.5415(6) Å, α = 90 º, β = 108.429(2) º, γ = 90 º, V = 6054.7(4) Å 3 , Z = 4. The crystal structure reveals that there is a Ni·Ni core, with a separation of 3.183 Å. Its thermal decomposition kinetics were also studied.
Introduction
Polynuclear transition metal complexes have been receiving considerable attention for many years, due to their interesting characteristics in the fields of material science and biological systems [1, 2] . oVanillin is considered a safe food flavoring and can be used as a pharmaceutical intermediate [3, 4] , and because of the wide applications o-vanillin derivatives and their complexes have drawn much attention [5] [6] [7] [8] . Schiff base ligands which usually contain O, N donor atoms have played an important role in coordination chemistry since the late 19th century. Metal complexes with these ligands are becoming increasingly important as biochemical, analytical and antimicrobial reagents, in the design of molecular magnets, materials chemistry and so on [9~14] . The versatile properties of the ligand 2-[(4-methyl-phenylimino)methyl]-6-methoxyphenol (HL) in the formation of diverse transition metal complexes are well known. We have synthesized some complexes from HL, with discrete, dinuclear and polynuclear structures [15~17] . In continuation of the research in our group, we now describe a detailed investigation on the synthesis, single X-ray crystallographic and kinetics of the thermal decomposition of [Ni 2 (H 2 O)L 4 ]·5H 2 O (1).
Results and Discussion

IR spectra
Important information obtained from the IR spectra of HL and complex 1 is summarized in is attributed to M-O stretching vibration, which is absent in ligand spectra [18] . 
UV/Vis spectra
The absorptions in the UV/Vis spectra of HL and complex 1 are similar ( Figure 1 ). There are three absorption peaks in the range of 200~500 nm at 317.8, 276.0 and 228.0 nm in the spectra of HL. The counterparts of the complex appear at 301.4, 292.0 and 229.8 nm. The first peak is assigned to n-π* transition of conjugation between lone-pair electron N atom in the C=N group and big π bond of benzene ring. The hypsochromic shift of about 16 nm is caused by the coordination of N atom to Ni ion, which can also provide the conclusion evidence for the coordination. The other two peaks are attributed to π-π* transition of the conjugation system of Schiff base and they are similar in HL and in the complex. 
Crystal structure
The complex is an asymmetric dinuclear nickel complex and there is no significant metal-metal interaction between the two nickel centers considering of the separation of Ni(1)···Ni(2) is 3.1831(3) Å, which is longer than that of previously reported dinickel complexes [19] . The environments of the two nickel atoms are very similar to each other; both are six-coordinate, coordinated to four oxygen and two nitrogen atoms in a slightly distorted octahedron, although there are still some differences such as Ni (1) , this mode is adopted by L1. In addition to the phenolic O and imino N, the methoxyl O is also involved in the coordination to Ni. These are apparently important for rational design and constitution of new framework structures. The main bond lengths and bond angles are listed in Table. 7. Two methoxyphenol rings of the L2 and L3 ligand are almost parallel to each other with a dihedral angels 13.91°, and the center distance of which is 3.85 Å indicated a weak π···π stacking interaction [20] . There are several water molecules involved in O-H···O intramolecular hydrogen-bonding interactions, which help to stabilize this structure. 
Thermal analysis
The TG-DTG curve of complex 1 is shown in Figure 4 . There are three main weight loss stages for the decomposition process. In the first stage, from 76
• C~152
• C, 9.14% of the weight is lost, which corresponds to the loss of six water molecules, which coincides with the calculated value 9.10%. The 
Non-isothermal kinetics for Steps 1 and 2
For the TG and DTG curves, the non-isothermal kinetic data in the steps 1 and 3 of the thermal decomposition were analyzed by means of differential and integral methods. The differential equation used was proposed by Achar et al [21, 22] . The integral equation was Coats-Redfern equation [23] . The used forms f(α) and g(α) are listed in Table 2 . The original data for Steps 1 and 3 determined from the TG-DTG curves are listed in Table 3 .
In the above equations, α is the fraction of the reacted material, T is the absolute temperature and f(α) and g(α) are differential and integral mechanism functions, respectively. E and A are the derived apparent activation energy and pre-exponential factor, respectively, R is the gas constant and β is the heating rate.
The kinetic analysis was performed by the linear least square method. The results of the kinetic parameters E, A and correlation coefficients r for step 1 and 2 are shown in Table 3 .
We fitted the kinetic parameters obtained (E and A) using the equations of Achar et al. and CoatsRedfern (see Table 4 ). Comparing the results from the differential and integral methods, we found that the values of E and A were acceptable and the linear correlation coefficients were also better when the possible mechanism functions were rational selected. Table 2 . Some integral and differential coefficient kinetic functions.
Symbo l
Integral kinetic function
Differential coefficient kinetic function Mechanism
Three-dimensional diffusion (cylindrical symmetry)
Three-dimensional diffusion A1 -ln(1-α) (1-α) Random nucleation and nuclei growth (n=1)
Random nucleation and nuclei growth (n=1.5)
Random nucleation and nuclei growth (n=2)
Random nucleation and nuclei growth (n=3)
Random nucleation and nuclei growth (n=4)
Contracting sphere (cylindrical symmetry) R3 Exponential nucleation C2
(
Chemical reaction Table 3 . Kinetic compensation parameters for Step 1 and Step 2.
Step 1
Step 2 Thus we deduced that the possible mechanism for the step 1 of thermal decomposition of the complex was a 1D3 chemical reaction. The corresponding non-isothermal kinetic equation was:
The average values of the apparent activation energy E and pre-exponential factor A were 239.00 kJ·mol -1 and 0.9967, respectively.
The possible mechanism for step 2 was 2D3 chemical reaction. The corresponding non-isothermal kinetic equation was
The average values of the apparent activation energy E and pre-exponential factor A were 376.34 kJ·mol -1 and 0.9962, respectively.
From the thermal analysis, we can see the decomposition procession of the complex is complicated. For infer the mechanism of the thermal decomposition, we analyzed the non-isothermal kinetic in two decomposition steps by means of differential and integral methods. We have found the proper mechanism functions of the two steps and their decomposition activation energy. . Green single crystals of complex 1 were obtained suitable for X-ray diffraction from the mother liquor after five days of slow evaporation at room temperature.
Syntheses
Crystal structure determination
Single crystals of complex 1 was selected and was structurely mesured measured with a Rigaku R-AXIS RAPID diffractometer with graphite-monochromated Mo-Kα radiation (λ = 0.71073 Å ) at 296 K. Empirical absorption corrections were applied by use of the ABSCOR program. The structures were solved by direct methods and all calculations were performed with the aid of the SHELXL PC program [24] . The structures were refined by full-matrix, least-squares minimization of Σ(F o -F c ) 2 with anisotropic thermal parameters for all atoms except H atoms. The crystal data of the complex 1 is summarized in Table 6 , selected bond lengths and angles are show in Table 7 . 
